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‘ Sazxzar y'

The subject of this work is to deterzime food components
rejuired ty xites- pests of stored food products. lMites are
saall animals, measuring in average O,>mm. They are relatives
of spiders, living ver, oftem in all kind ot toods. they pro=
ragate in the products very quickly, eat them and contazinate
with their feces ani moulting-skins. kany species, including
the species iiscussed in the present work are distriduted
over the world and cause zany troutles in stores everywhere,

Tne tnfluence of various diets containing simple compo-
nents lice proteins, carbohydrates, vitamins, mineral salts
was studied on three very common species. dorking on tigger
anizals paysioloygists usually control the effect of artificial
ilets by weighing the animals. In this case it was izpossibtle
ana therefore: (1) tne time of developzent, (2)mortaiity
iarin, deveioprent, (3)longevity of adult mites and (4)fecun-
31ty of females of rmites reared on these artificial diets in
special rearins cages were studied. ~ll cultures were kept
in temperature 09 and in B0s of relstive air humidity. The
iata received were compared to tne sixilar ones obtained in
cultures of the mites reared on teer yeast and wheat .erx as
checg=-f00ds. Tne lonyevity have been compared to the lonpe-
vit. of mites «<ept in empty cages.

2% various artificial diets were examined durins the report
period. ‘Le msin point of tie introductory work wus the Jeter-
zination of tne suitability of various proteins and the finding
0! tasic food requiremwents of tie animals., .0 data lave heen
xnown o1 thia subiect in tie literaturc.

+t was fourd till now that 1Oor one species xelatin, for
second species casein, <luthen or gKelatin and tor third caseln
slutuen or alburin were the test proteins, All the three
species need in the artificial diet, besides of proteins,
eneryetic substances like carbohydrates and fats as well us
complex of vitumins and of mineral salts, some ingredients
lize cnolesterol which are necessary in tue food of all ine
sects are not needed in the food of the mites although they
live in sume Labitats as many insects,

vut of the four atove wentioned bioloxical values the fecun-
Jity of femalcs showed tne greatest dependudility upon food.
.onever, time of development, mortality during Jevelopsent
and longevity varicd distinctly (even received on relatively
good dlets, in comparison to check-foods. .t indicates that
ae arYe stiil quite far from understanding t:..e fo0l requirements
of the mites,

.ne explanation of tue problem woild deepen the knowledge
on this interesting aud economically important group ol anie
sals, s want to study further tie ¢ftect of various foods
on the pnysiologicul state of mites and to look for soame
relations between this ntute snd tne sensitivity to various
cheajicals appltied in the countrul of mites, .any new Liologlical
Jata wil Le also collected durin. these studles,
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Introauction

Lne 0f the greatest troutlies connected wiilh the storage of
foods in 2many parts of the world especially with humii clizate
18 tuie infestation .y zites. .here are known atout 30 species
of mites 0f fa ilies ..caridae and .lycyphagidae aitaciiag
various products. .lthougn many of tuer are pol)phajsous some
jreferences of sorne species were aiready found. .he study of
toe hatitats and tne tiology of xites may help im figuring
of tre ori,in of infesiation and in elaborating zmethods for
preveutior and control.

.nere are ver) lew Jdata dealin, with prysiolopy of thLese
zites, .eteruinution 0! nutritional requirements of st least
tcae of tnese s;ecies wiii enub.e tetter undestanding of
idfierences Letwueen tuem, pertsining to tre variability of
t.eir ratituts, processes oif their feeding as well as tie
infestation.

.LiTee specles o! jtes werr chosen for thnese investigations.
(1, Carpos.i)phusd .netis (L.) a very common pest of dried truigss
occuzing wlzost exclusively in storages and houses. (2)Tyro-
pra»us infestans ((uds.), fmown as livin, on plants and more
rarely in storeud products, and (3) Acarus siro L., a very
common species occuriny in soil and or;.n.c remnants under
tiels ccniitions snJd a very comaon pest of all kind of
rtored ;roducts.

caxhvetkin (1441) and Vitzthum (1943) found (.lactis om
sriel fruits mu. products containing lactic, acetic or succi-
nic acid, ..oneycombs, rottin. vegetables, fermentin, Jrinks
lige wine, teer, fruit juice ure aiso very often infested by
this specicu. :uphes (1960) stuted that thir species prefers i
1004 sutstunces contuinin, su,ars in which ltucterial or t(ungal |
activity ,yive risc to the .ower fautty ucids. In species of
t..1% pvnus tli.ere 18 a tendency 10 fred on awterials which ure
cr were subjected to bacteriaml or sungul activity. They attack
totsn Jdried or liquid products tut mostly in stores and oaly
exceftionally unJer field conditions,

.rere are no data concernin; the few.ins of ..infestans, i
.urhes (1961) used to find this species in pastures, in chaff, ‘
on many plantes under field conditions., accordin, to my previeus ‘
' investigation results (boczek et al., 1960) spucies Lelonging i
Lo the lyrophmgus genus occur more frequently om foods contaie. |
ning lar,e smounts of futs and proteins e.r/.seeds of oil ;
plants, arsecskowski (1961) was looking for food prefereace
of ryvrophayus noxius ~.l. and found that the species attacks
208t willingly dried mushrooms then —wiss cheese, wheat gerss :
and nemp sceds, sroducts lise powdered milk, broxea rice seqds :
potato starch were pot sttrsctive f0r this species. sivay 19;l| :
observed that populations of Tyrophagus oastellani (Niryes !
Teared on cereal flakxes and yewust fed on mycelium of mewlds,
BO8tly aspergillus, ratier than on food saterial. ue $ geed
results later (iivard, 1959) rearing tne sites ea soulds,
~ccording to andre (1933, mites of Tyrophasus gemus may be :
responsible for heavy losses during the storvage of tedaces, i
. hey are serious laboratory pests of insects and fumgus sultures
1 50X1-HUM
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\Jewson & Tattersfield, 19.2; :age & chafik, 19363 Norris, 1946).
Trey interfere with trne cultivatior of mushrooms {(Jary &

Stapley, 19373 .avis, 1944, Sore species of lyrophagus genus
were fcuni in field (iriffiths, 1360§ -ockex, 1961),

Ficur rite is found as pest on all cinds of products like
cheese, ~Tuln, nay, linseed, barley, in disused beehives and
or. tre surface cf tlour iHushes, 1%1), according to rocsek
L1357, trhe test (00l for the species are consecutively: dried
xeat, ve.low cheese, powdered milk, grain jermzs, flour, seeds
0 oi. plants. 'nly seeds with damaged coat are attacked. ~any
* authors olserved this species under field conditions, in plant
:exnants cn the surfuce or in the soil (Sorokin, 19513 uriffi-
tns, 19tV .ocrek, 13€1,, Several authors (Homanova, 1936;
coionov, 13403 wolomon, 194¢) stated that mites eat in attacqed
¢Tuin nly erm and alearon layer. unly rarely endosperm aa) be
attackel, accorldi, to “igrianski (1940) grain stored under
¢crnditions o! uni,h relative humidity is overcome vy moulds
und tnen sturch 16 Jecoxposed .0 simple sugars wrnich can te
tren Jigestel ty unites, ~Carus siro can develop, similarly like
jrev.ous species, on moulds (Boczck, 19573 Losynski et al.,
1..€,. slodecxl (195y) studied tie cnanges caused ty usites in
inf-sled flOur. ..e tound an increase of nitro _en compounds an
in ~lfect Oof yreat iosses in carbohydrates. .olypeptides and
iree uxinoacids are formed bt; mites in process of Jdigestion
0. proteins consuned. .itric compounds, iostly xuanine, are
excreted, ¢nly smtout 10 . of nitrogen compounds 18 used by
“Lites I.r bLu.ilding of thelir tissues,

ut was quoted atove and wi.at 18 protabtle the whole zaterial
concerning tue 1004 requirecents of these three species it can
te stated tumt we rave till now very few informations inm tue
{leld, .uch more is known utout tue foods of stored produot
insect pests, .08t works were done with blatta, .ridvuvi.um und
Tenelrio molitor, which live frequently with mites. sapecimlly
wort.. to mention are pupers of rruenkel and his assoclates of
vrebaba, illinois. nccordingly to Frausnkelss paper of 1950
wn Ch numes up some previous results obtained with ilenebrio
t.e insect can xrow and proparute in tood containing B80-85:
of carbonydrates. Tue effect of glucose and starch is similar,
‘msein, lactalbumin are the Lest proteins., cholesterol isw u i
necessary ingredient for tnis und almost for all other insects i
{hoeder, 195%). Addition of 5 yeust naces flour an optimal i
1uol, -any t-vitumins ure aiso necessary in food of this species, |
.here is no indicetion that tat is required, .uckey (1954) sives
& prescription of wn aniversal dlet 10X ail livin, orpunisas, i

1. sxporimental procedures

il cultures 0f mites uave Le@n conducted In speclal femring |
cages which muke possille 1o repeat observations even very ‘
frequentiy eitnout irritating the animals, rhe ocages were pre-
viously descri.ed Ly the principal iavestigator (boosex, 195¢),
The cages nave been kept in dessicators with satursted solutioans
of algCl giving relative humidaity of §0%, Lessicators have beeh
zept 15 constant temperature chambers wiln tes,eratire of (0%,
Ine sites are rveared on artificial diets ,repared dy the bio.
chealst ani thorouanl uantity of 1oo0d 18 given
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Table 1,
Composition of artificial diets {ingredients in per cents)

dlets
.Llu" uu’ A By Bq B2 B3 By Bs Bg B; Bg B9 Byp By C H r s I 3 K ) S ]
T-8gar - 4 4 4 4 4 4 4 4 4 4 s R
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golatin oo I a DT 35l T T 3 1% - - 228 % 6 8 3y I D .
Gussse DB B i B o5 35 3 0 020 B o ol A M P
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Tal salts - 5 5 5 5 5 5 5 5 5 .4 - T Tzt e = e . 08
Petatestarer - 30 0 30 0 30 29 39 39 3 3 3 L I 1 T 1 - 3 3 8 & 3
Sackarase | - 40 15 95 s 15 15 15 18 % % # - - - - - ;maA . . ..
vitamins PN S S A R A S L S e A AT
cholesterol .. ! Dy oy e 13 1 10 10 10 103 3 w0 w B
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on tne.tottoz Of cages and then Xxites are aided. 8 check-tood
yeast for C.lactis, wheat Serz Ior .+8iro ani wheat germ and
yeast for T.infestans are applied. ..e zites are very saall
animals and toey can not e zeasurea and weighed. ihe suita-
ti.ity of artificial diet is therelore cuecxed ty the compari-
son t0 the uata received with check-foods of Iour following
values: 31) mean tize of development of one xeneration, in
dayss (2) mortality during development in percentsj (35 mean
(and maximum) longevity in laysj 4) mean(and maxizum) fecunite
ty of one female. cach experiment is conducted this way:

%0 esxs laid on given day are put to the cage with food exa-
m:ned and trnen in every other Jay observations the Jdata mentio-
ned under (1) and (2) are gathered, hen the lonpevity of

27 specizens s<ept in sepaurate ca es, with known birth-day,
shicn 41d not copulated and laii eggs 1s observed. Lastly tue
fecur.dity o: 25 fezales cept witn males in separate cages

1s counted t; removing e gs every taird lay. ihe longevity is
aiiitionally contrciled by comparison with the longevity of
specizens <e;t in cages without food.

some investisators (e.g.hivard, 195b « 1959) uscvd to conduct
sizilar experizents witn 15 replicates but we Iind the number
too szall. There ure very great differences in each experiment
ani therefore tne erruor would te too bi;. .ecause o! szull size
of tue anizals tne estatlisnment of experiments and carrying
sil of olservations ia very time-consuming anld aust te 1lone
t, truined peojle,

2e ne8ults and i1iscussion

uring tue rirst 11 montup of tne investi,astion rearin:s
of tnree specles of mites on check-foods, without food and on
2* artiticial iiets were carrivd out, vetailed investigations
sere cade 1or ..lactis and ~.siro on 12 and for T.infestane
on 14 diets, .he composit on of ull 23 artificial Jiets 1is
presented on table 1 and all detuiled biolorical datm of stu-
Jles - on tubtle 2,

Obtservations indicate that no one of tre artiticial Jdiets
applied resuits in growth and dceveloprent of species comparable
10 those fed witu check-food,

{ne best for the development o0f i,infestans were diets
byy 1 and J. Diet by contains one proto!n- casein, erurygetio
sutestances, minersl salts and vitamins,. Liets | and J have the
mixture of various proteins. i’ne fecundity of the species was
the highest on diet .3 contain only one protein. gelatin,
ener;etic substances, aineral salts and vitamins, The develop-
sent of the species wus observed on all or & diets (By, by, by,
B40¢ 4o J) and on all of them ex<s were luid by females but
longevity was usually lower (even on iiet by & b2) than ona
check-f0048. .he lortnllt{ on diet 02 was significantly lower
than oa ,0as8t and comparable to the nortslity on wheat gers,
The 1 evity of ®.tes Xept on artificial diets was alsays
lomger than of mites xept In rearing cas<es witueut food,

<Touth and development of mites was not observed on diet
without any protein (P,)) on atet with albuain as single
protels (B4)i on diet with omly 15¢ of casein as simgle protein
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\by)s on diets without ninmeral salts (A, Cy o Fy 3y #)§ oOn
iiet without emerjgetic substances even in cases when 90% of the
diet was in for: of proteinm (A, Cy ay F), Or even if various
proteins were mixed in the diet (G, ). hardly understandable
1s the lack of development on diets b5, Bg and Bg which are
iiets =2 and -3 with the addition of cholesterol or cholestercl
and glucose. .evelopment on diets without chqlestorol indicates
that this ingredient is not needed for the species. However it
can te assuzmed with very low protability that cholesterol bhas
tne inhibitin, effect. Omn diet 518 with - an$™bel the develop-
ment was observed. .ome uneipected finging is the fact that

tne deveiopzent of zites was observed on die'ts v and byQ con-
taining gelatin. [Lis compouni contains aminoacids without
tryptopnan - a very aminoacid important' for many animals.

sven on .00l diet i} tue uevelopment of one generation took
4=11 a8 longer than on check-foods. Much sreater differences
we.e stated in fecundity. .cun fecundity on diet By was 6210
tices lowe: t.an on check-foods, on diet b3 it was more than
twice iower.

.uta dealin, witn carporlyphus lactis Jiifter distinctly from
tuose of previous a.uvcies, .he develop...ut oi = vcies 0Ok place
only on artificial aiets :3and B6. On diet Bk only one speciamen
cut of 9% eLsd o¥ew up and no one e,s laid Ly female on this
1cod was found. .t 18 interesting that in this case time of de-
velopment of one Jeneration was the same as that on yeast 1.e,
15 aays. .ue zOr.ality durin., development was the lowest on dilet
s, e lonxevity was in general very variable and it is diffi.
cult t. estatlish any roLulArit{. Un diet B7 the longevity was
lcwer t.sn in rearing cages without any food. she highest lon-
sevity, even longer tuan on yeast was otserved on diet B0
slthourh no devclopment and no eggs were found. un both diets
by and L¢ only relatively few egys were laid,

viets ba‘nd by have almost tne same composition, bg has
only one additional component - cholesterol, including )g we can
say that for tre development of the species gelatin is the best
protein, much worse is casein. Lass cultures kept on next arti.
ficial diets showed that the best ones will be protadbly diets
L & M naving another protein - gluthen, anyhow, for the develope
sent of the species bLesides of protein energxetic substances,
zineral salts and vitamins are necessary. The growth of mites
was not observed on diets having aliumin as eingle protein
(bt. b7, hg)a on diets lacking energutic substances and sineral
salts ?c. » 7) even if the nixture of various proteians wes :
used (3, #)e The development on diet By without cholesterol
shows that this ingredient 1is not needed for the species,

aS rOgards sgg;*g_;;;* the resulits received were still
d1ftevent. The developaent was obdserved om 6 out of 12 faves.
tigated artificial diets. Tne shortest was the dcvolo,lo.t
of one gemerstion om diet by. Um this food the meriality dusing
develo t =as the lowest and the mean longevity and feeundity
wore highest of all. It seems that diet By was the beeot,
However, oven in this case the mortality was such highey then
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. on wheat gerx. .ne lonyevity of zmites was always few times
Ligher on artificial diets ti.an of mites livinx witanout any food.
Le lowest was the xmortality on diets laccing protein or cone
taining selatin as single protein (Bg, B3, Bg, F10). Un diets
on which the Jdevelopzent was observed the longevity was 4-5
tizwes nigher tran without food. (m diet Bg erss were laid b
fexales altnough the mostality during the development was 100t
and no adults ,rew up,

-oxparison of tire composition of diets which enable the
developzent of ~carus siro leads to the following considerations.
-he aevelopment took place on diet 52 and Bg containing gluthen
but diet 55, where developrent was not observed is very similar
(plus criolesterol) and it is hardly to be augseatod that choles.
teroi made the development impossible, by and By diets contain
caseln ard It seems that this protein would be very essential
ani suitable component for tuc species. Un diets ] and J hae
vir.. ulso casein some e;gs were observed and development went
very slowly. It is quite possible tiuat the low mmount of the
component innivited the development., ,00d results ~ere received
8.50 with aliumin present as single protein (bz and Bg). Fourth
protein tested - ,clatin was not suituble tor t.e f.iour cite.
~ooxing at artiriciasl diets on wuich development did not occur
e .ind that lice in previous t.o species in sood artificial
diet protein with enerpetic sulstances, vitamins and mineral
rslts .ave Lo te oixed,

-om¢ results of the preiiminary studies should be still
s.pported by additionul replicas. .ometimes in our first expe-
riments tetter results were oltuined keeping nites on greater
arounts of diet. .e found while the mixture was not exactly
zixed, Complexes of vitamins and proteins tuerefore were mnade
8t first, luter this diet was uissolved in water, Jdried and
+owdered., In many cases dieis gave tetter results after 1.2
zontus ©! laying in refrigerator tnan that freshly prepared,

-uch Letter would be to use instead of proteins - mixtures
of axinoscids, .0th proteins and aminoacids should be absolutely
clean, very small amounts of other substances can change wholly
tae results. all these compounds svailable in soland do mot
elve fui. garantee, ..ence we would uppreciate very muon receiving
soze small amounts of compounds of which list is included to
tue first copy of tue report.

%o vonclusiops

Tie Lest results with I,infestuns were received on foods
cont.lnt:g one of three proteinss cascin, gluthen or colatia
aixed wi ener,etic suivstancess glucose, staren, sacharose,
and soybean o1l or witn diets containing tne aixture of proteias
with energetic sulstances, -ineral sal®s and vitamins aye
aleo needed. Luckey’s prescription of vitamins rave s00d yesulte,
-helesterol 1s not needed in tne food,

The bost for C.lactis is tne diet contalr.uy gelatin, wyeh
soree tllprohobly €luthen ani casein, To the jrotesas emergetie
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substances have to te added. ~ithout these various compounds
the mortality is very nigh and females do mot 1 eggs. Mine-
ral salts (e.g.ash of milk) and vitamins (Luckey’s mixture)
are needed too. :he development of the species can take place
on ary foods cept in 80€ of relative humidity. Cholesterol
does not play any role in iict for the species.

rom all 23 artificial diets tested till now for ...siro

atout 10 were promising and from 12 studied in details 6 were
suitable. .00od food for the species snould have one of three
proteins: casien, gluthen or albumin or their mixture. 1o the
protein energetic sucstances, carbonyditates and fat sust Le
«dded. . ctter resalts were received with the mixture of simple
sugars tnan with starch. -inerusl salts and vitumins are also
neeled, Qnolesterol does not show any effect on the developaent.

<he differences snowed till now between the three studied
s;pecles of xnites icul only with protein requirements. Lack
ol cholesteroi in dlet does not inhibit the development, Rence
tue mites Jiffe:r {rom insects. Lut of four biological values
tagen into consideration tne lecundity of females is probabdbly
tne zost inflienced .y «ind of food. tere the differencee
-etween cneck und artiticial foods were alwuys the  reatest.

4. riun _for future work

Jirin, tue comin, year we are plantng to look further for
Jilete on whici. the Jdevelopuent wou.d x0 b8 8inllurly as possie
tie witr that on chec.-foods. .e want also replace proteins
Ly amlpnoacids. .arious carlohydrates will Le also checked as
cozponents of diets. e ure going to try to analyse the homo-
crenates of nites reared on difterent foods - more or less
suitatle foy tneir yrowtn and Jevelopment, .irst of all the
utoints of sucn components l'ike y.neral nitro.en, fats and
eineral salts will Le Jetermined,
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